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AN INDIRECT HEATING SYSTEM WITH VALORIZATION OF ULTRAFINE 



The present invention relates to indirect heating 
systems designed to burn solid fuels. Such systems are 
characterized by the provision of an intermediate silo 
reserved for pulverized fuel between the solid fuel 
grinding station and the combustion chamber. This type of 
system is used for fuels that are difficult to burn, such 
as anthracite or fuels low in volatile material (e.g. low 
volatile bituminous coal as defined by the ASTM) , since 
it clearly separates and optimizes the grinding of the 
solid fuel, on the one hand, and the combustion of said 
pulverized fuel, on the other hand. 

There are a number of types of indirect heating 
system: those which return the exhaust (products obtained 
by separating the pulverized fuel and the gases used to 
dry and transport said fuel) to the combustion chamber 
and those which reject the exhaust to the atmosphere. 

These systems operate in the following manner: the 
solid fuel, for example coal, is stored in a silo and 
conveyed to a grinder in which it is ground and dried by 
very hot air or gas. The pulverized fuel is then 
transported pneumatically to a separator, which 
intercepts the coarse particles and returns them to the 
inlet of the grinder, and thence into one or more 
cyclones which intercept the pulverized fuel and 
discharge it into an intermediate storage silo; ducts and 
possibly a gas recirculation fan complete the 
installation . 

The grinding system receives hot air and gases for 
drying the untreated fuel. The hot gases and those 
produced by the evaporation of the moisture from the fuel 
are surplus and must therefore be extracted via dedicated 
ducting known as exhaust ducting. All these circuits 
operate at a low temperature (approximately 100°C) . 



FUEL PARTICLES 



The cyclone does not intercept all of the fine 
solid fuel particles in the surplus gases, and it is 
therefore necessary to treat these particles. The usual 
concentrations of solid fuel in the gases are of the 
5 order of 50 g/m 3 to 200 g/m 3 . 

The ultrafine particles can either be sent to the 
combustion chamber by a fan (return of exhaust to the 
combustion chamber) or intercepted in a dust extractor 
such as an electrostatic dust extractor or a bag filter 

10 and discharged into the intermediate silo, where they are 
mixed with the other particles from the cyclone 
(rejection of exhaust to the atmosphere) . 

These techniques are satisfactory for most fuels, 
but they perform much less well for the fuels lowest in 

15 volatile material. In particular, it is necessary to 
introduce noble fuels such as fuel oil or natural gas to 
support combustion at low loads. 

If the exhaust is returned to the combustion 
chamber, the gases transporting the ultrafine particles 

20 are essentially inert gases, such as water vapor caused 
by evaporation of the moisture from the fuel, and because 
they come from hot combustion gases taken from the 
combustion chamber to dry the untreated fuel these gases 
have high concentrations of C0 2 and low concentrations of 

25 0 2 . Moreover, the concentration of fuel particles in the 
gases is far from the optimum required for good 
combustion. 

Combustion of the particles is all the more 
difficult to achieve in that a compromise must be found 

30 between injecting particles sufficiently near the main 
flame for the ignition of the ultrafine particles to 
benefit from the high temperatures in this area and 
sufficiently far from the flame for the latter not to be 
disturbed by the mass of relatively cold inert gases 

35 injected with the ultrafine particles. Choosing the 



injection area is therefore particularly difficult and 
requires very considerable experience. 

If the exhaust is rejected to the atmosphere, in 
the case of fuels which are difficult to burn because 
5 they are lower in volatile materials/ the ultrafine 
particles from the dust extractor are mixed with the 
coarser fuel in the intermediate silo, and these improved 
particles therefore cannot be exploited. 

The object of the invention is to propose a heating 

10 system which allows the recovery and specific use of 
improved ultrafine particles (i.e. ultrafine particles of 
improved combustion quality) , resulting from the passage 
of the pulverized fuel through the cyclone, and which 
reduces the technical minimum of the system without noble 

15 fuel support and reduces NOx emissions. 

The indirect heating system according to the 
invention is a system in which a solid fuel circulates in 
the form of particles, and includes a grinding station, a 
combustion chamber, at least one intermediate silo, a 

20 separator and at least one cyclone, and is characterized 
in that a dust extractor intercepts the finest particles 
which are then introduced into the combustion chamber via 
at least one dedicated pipe and burned by at least one 
dedicated burner. The dedicated burners are preferably in 

25 the area of the main burners. The ultrafine particles are 
stored in a dedicated silo, metered by a feeder, mixed in 
clearly defined proportions with hot air or gases, and 
then transported to the dedicated burners by the 
dedicated pipes. The injector of the dedicated burner 

30 preferably has a rectangular or circular section. 

Thus the fuel to air ratio for transporting the 
particles to the burner can be from 5 kg of fuel per 1 kg 
of air to 1 kg of fuel per 2 kg of air, whereas on 
injection into the burners, because of additional 

35 injection of hot air, the ratio can be of the order of 
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1.5 kg of fuel per 1 kg of air to 1 kg of fuel per 2 kg 
of air. The hot air is called primary air and its 
temperature is of the order of 250°C to 500°C; for fuels 
that are particularly difficult to burn, such as meta- 
5 anthracite, the temperature is greater than 400°C. On 
reaching the main burners, the mixture of hot air or 
gases and pulverized fuel is at a temperature of the 
order of 200 to 380°C, depending on the proportions of 
the fuel/air mixture. This high temperature is highly 

10 favorable to ignition of the fuel and to stabilization of 
the burner flame. 

According to one particular feature, the dedicated 
burners are near the main burners. The use of improved 
ultrafine particles produces a high quality flame which 

15 stabilizes the combustion of the main burners, which in 
turn reduces the minimum charge possible without noble 
fuel support. Thanks to this, a saving is made in the 
fuel costs, because solid fuel is less costly than noble 
fuels such as fuel oil or natural gas. The saving is 

20 greater if the installation is required to operate more 
often at low load. 

According to another feature, each series of main 
burners has at least two dedicated burners. The number of 
dedicated burners is chosen to suit the individual 

25 application, but there are at least two dedicated burners 
for each series of main burners to guarantee a good 
distribution of the various fuels. In the case of a 
double vault or front heating combustion chamber, at 
least two dedicated burners are used, whereas in the case 

30 of a tangential heating combustion chamber a single 
dedicated burner is sufficient. 

The indirect heating system according to the 
invention is a system in which a solid fuel circulates in 
the form of particles, the system including a grinding 

35 station, a combustion chamber, at least one intermediate 
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silo, a separator, at least one cyclone and possibly a 
gas recirculation fan, and is characterized in that a 
dust extractor intercepts the finest particles which are 
then introduced into the combustion chamber via dedicated 
5 pipes and injectors downstream of the main burners. The 
method of metering the ultrafine particles and hot air is 
similar to that used previously, but the particles are 
fed to new injectors situated outside the main combustion 
area and disposed so that their flames mix with the main 

10 burner flame tails. 

According to one particular feature, the finest 
particles are injected under substoichiometric 
conditions. Injection of the ultrafine particles under 
these conditions downstream of the burners favors the 

15 lowering of nitrogen oxide (NOx) emissions. Unlike the 
conventional method of returning the exhaust to the 
combustion chamber, in which the nature and the flowrate 
of the transport gases result from the operating 
conditions of the grinding circuits, the nature and the 

20 flowrate of the transport gases for the system according 
to the invention are chosen for substoichiometric 
combustion of the ultrafine particles. 

According to another feature, the intercepted 
particles have a diameter less than 75 microns. They are 

25 significantly smaller than the pulverized fuel 
circulating in the heating system. 

According to another feature, the intercepted 
particles have a true mass per unit volume from 0.1 kg/dm 3 
to 0.4 kg/dm 3 lower than that of the particles intercepted 

30 by the cyclone. This difference is explained by the fact 
that the cyclone preferably intercepts particles rich in 
the heaviest elements, i.e. in mineral materials and in 
particular in pyrites. In other words, the quality of the 
ultrafine fuel has been "improved" . The particles 

35 recovered in the dust extractor are not only much finer 



than the main mass of fuel recovered in the silo, but 
also have a different chemical analysis, with a lower ash 
content, and therefore a higher content of combustible 
materials (fixed carbon and volatile materials) than the 
5 main fuel recovered in the silo. 

According to one particular feature, some of the 
intercepted particles are introduced into injectors 
downstream of the burners. The combination of dedicated 
burners and downstream injectors allows use of the 

10 ultrafine particles in the dedicated burners, in the 
downstream injectors or simultaneously in both types of 
injector. For example, the dedicated burners are used for 
low loads on the heating system and the downstream 
injectors are additionally put into service for a higher 

15 load on the system. It is therefore possible to reduce 
the minimum load without noble fuel support and therefore 
to make a saving because the cost of solid fuel is much 
lower than that of noble fuels such as fuel oil or 
natural gas. The saving is all the greater if the 

20 installation is called upon to operate more frequently at 
low load. 

In a first variant, the combustion chamber is a 
double vault combustion chamber. In this heating system 
the main burners and the dedicated burners are situated 
25 in the vaults. This type of combustion chamber is used to 
burn anthracite or non-bituminous coal. 

In a second variant, the combustion chamber is a 
front heating combustion chamber. The main burners and 
the dedicated burners are placed on at least one of the 
30 walls of the combustion chamber. 

In a third variant, the combustion chamber is a 
tangential heating combustion chamber. In this case, the 
main burners and the dedicated burners are in the corners 
of the combustion chamber. The dedicated burners could be 
35 in the corners between the main burners or on the faces 



of the combustion chamber near the main burners. The 
downstream injectors are above the main burners, either 
in the corners or on the faces of the combustion chamber. 

According to another feature, the solid fuel is 
5 non-bituminous coal. This is difficult to burn without 
using an external fuel because it is low in volatile 
materials and gives off large amounts of NOx . The system 
valorizes the ultrafine particles and therefore improves 
the combustion of non-bituminous coal. 
10 The invention will be better understood after 

reading the following description, which is given by way 
of example only and with reference to the accompanying 
drawings, in which: 

- figure 1 is a view of a prior art indirect 
15 heating system which returns the exhaust to the 

combustion chamber, 

- figure 2 is a view of another prior art indirect 
heating system which rejects the exhaust to the 
atmosphere, 

20 - figure 3 is a view of a heating system according 

to the invention with a double vault combustion chamber, 

- figure 4 is a view of a heating system according 
to the invention with a front or tangential heating 
combustion chamber, and 

25 - figure 5 is a detailed view of the burners. 

The same reference numbers are used for parts with 
the same function in the different variants. 

Existing indirect heating systems 1 (figures 1 and 
2) include a silo 2 in which untreated fuel is stored and 

30 a grinder 3 which the untreated fuel reaches via a pipe 
20 and where it is ground and dried by very hot air or 
gases arriving via the pipe 21. The resulting pulverized 
fuel is transported pneumatically by a pipe 30 to a 
separator 4 which intercepts only the coarse particles 

35 and returns them to the inlet of the grinder 3 via a pipe 



40. The other particles are sent by a pipe 41 to one or 
more cyclones 5 whose function is to intercept the 
pulverized fuel, which is then discharged into an 
intermediate storage silo 6 and thereafter sent by a pipe 
5 51 to main burners 70 in the combustion chamber 7 to be 
burned. The gases leaving the cyclone 5 are returned to 
the circuit via ducting 50 and a fan 42. 

The grinding system receives the hot air or gases 
via the ducting 21 and itself produces surplus gases, 

10 such as water vapor resulting from the evaporation of the 
moisture in the fuel, and to operate correctly the system 
must therefore extract the gases via ducting 8 called the 
exhaust ducting. 

The cyclone 5 may not have a fine particle 

15 intercept efficiency of 100%, the latter particles being 
found with the excess gases that are returned to the 
circuit by the fan 42 in the ducting 50. The usual 
concentrations of solid fuel are of the order of 50 g/m 3 
to 200 g/m 3 . 

20 In figure 1, the particles are returned to the 

combustion chamber 7 via a fan 9 and the ducting 8. 

In figure 2, the fine particles contained in the 
gases from the ducting 8 are intercepted by a dust 
extractor 10 of the electrostatic dust extractor or bag 

25 filter type and the ultrafine particles are then 
discharged into the silo 6, where they are mixed with 
other particles already recovered by the cyclone 5, and 
the gases are rejected to the atmosphere via the pipe 
100. 

30 In the indirect heating system shown in figures 3 

and 4, a second silo 60 receives the ultrafine particles, 
which are then directed by ducting 52 or 53 toward the 
combustion chamber 7, in which they are burned. 

The ultrafine particles are burned either in 

35 dedicated burners 71 or in dedicated injectors 72. 
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The system according to the invention operates in 
the following manner: the ground fuel particles that 
escape intercept by the cyclone 5 are directed toward the 
dust extractor 10 by the ducting 8, the gases are 
5 rejected to the atmosphere via the ducting 100, and the 
ultrafine particles are stored in the additional silo 60. 
Some of the particles in the silo 60 are sent to the 
burners 71 via the ducting 52 and the remainder are sent 
to the injectors 72 via the ducting 53. 

10 The dedicated burners 71 are near the main burners 

70; as shown in figure 5, the main burners 70 are aligned 
in series and the dedicated burners 71 are disposed 
either on respective opposite sides of each series or 
between the burners 70. 

15 In the case of tangential heating, as shown in 

figure 4, the burners 71 can be either in the corners of 
the combustion chamber 7 or on the faces of the 
combustion chamber 7 near the main burners 70. 

Feeders 61 and 62 meter the quantity of ultrafine 

20 particles to allow them to be transported in the ducting 
52 and 53. 

The particles are transported by hot air or gases 
arriving via the pipes 52a and 53a. Additional injection 
of hot air or gas (not shown) at the level of the 
25 dedicated burners 71 is possible. This makes it possible 
to adjust the concentration of the fuel. 



